Selected items from various forms of the original Benton Visual Retention Test (BVRT) were used to construct two parallel forms with 20 items in each form. The extension of the test has improved its reliability, often criticized as being too low. By enhancing the reliability, we improved the sensitivity of the test for impairment, however the specificity remains unchanged in the revision. We examined the impact of age and education on the BVRT test scores. The modified forms were standardized for four age groups between 15 and 70 years. Based on the results of a Rasch analysis, we suggest that the administration of the revised BVRT may be discontinued after four consecutive failures without any serious effects on the test score.
The BVRT has enjoyed popularity among test users for a long time, especially among neuropsychologists. In surveys on the frequency of the use of various tests, the BVRT ranked internationally among the 10 most frequently named methods (Steck, 1997) . This interest in the BVRT persists in spite of reservations against its use based on the test theory. These reservations are mainly related to the reliability of the current form of the BVRT (Balck & Talmon-Gross, 1985; Breidt, 1970; Hahlweg & Kuehnlein, 1981) . However, the strength of the BVRT, its sensitivity in identifying cognitive impairment (Kaschel, 1994) , remains undisputed.
Therefore the BVRT seems as much as ever to be an excellent screening test that is also practical and economical. The aims pursued here are to establish a satisfactory reliability and to standardize test norms based on the requirements of modern test theory. We sought to develop two parallel forms with enhanced reliability by selecting the best items from the variety of current forms.
Method

Subjects
The studies for the revision of BVRT are based on data collected since 1984. The total number of subjects investigated was 1173 (597 women and 576 men). Subjects ranged in age from 15 to 86 years. Two hundred and thirty-nine subjects were psychiatric inpatients at the time. Nine hundred and thirty-four reported no history of mental health treatment. All subjects came from Southwest Germany. The data for the revision of the BVRT were collected in several phases with a gradual increase in the number of subjects along several studies.
The data for the revised forms were collected according to Instruction A of the classical BVRT (Benton Sivan & Spreen, 1996, p. 15) . The design is shown to the subject for 10 s and then removed. Subject is asked to draw the design immediately from recall using a sheet of paper of the same size as the design. Differing from classical administration of BVRT, subjects were exposed to a practice item of minimal difficulty to insure that they were able to understand and respond according to instructions. This modification is consistent with modern test administration.
The scoring criteria in the test manual (Benton Sivan & Spreen, 1996, p. 29) are applied unmodified. Corresponding with the traditional scoring of the BVRT, our scoring included calculations of the sum score for the number of correct solutions and the sum score for the number of errors. The sum of correct scores and the sum of error scores are independent and not complementary, thus a wrong solution can contain more than one error.
The development of revised forms of the BVRT
The item analysis followed the classical model (see Lord & Novick, 1974) . It included the 30 items from the three parallel forms C, D, and E and items from the German edition of the BVRT (Benton Sivan & Spreen, 1996) . The first analysis used data from 432 subjects, 198 females, 234 males. Since the BVRT is a test of cognitive impairment, it should differentiate well in the low performance range. Therefore, our subjects included both persons with no history of mental illness and psychiatric patients, ranging in age from 15 to 59 years. Twohundred and twenty-six of all 432 subjects were inpatients diagnosed with affective disorders, alcoholism, brain damage, mental deficiency, personality disorder or schizophrenia. Using this database the item selection was conducted according to the discrimination coefficients for correct reproductions until the estimates of reliability were maximized.
In order to facilitate repeated administration of the revised BVRT, we constructed a parallel form in the same manner, which Benton used in the original test. Additional items were selected from the multiple-choice forms of the German edition of the test. Due to economic reasons the construction of the parallel form did not include a sample of subjects with an equally broad variance of test scores as described for the first item analysis. Specifically, the original clinical sample was not available. One hundred and seventy-four subjects were recruited, 91 females and 83 males, ranging in age between 17 and 70 years. The decision to include an item in the final version was based on the indices of difficulty and discrimination. An item in the parallel form was considered equivalent to an item in the original form, if the value of their indices did not differ significantly (P < .05) in both scoring systems. A statistical test of equivalence for the two values is not possible, because the item indices are random variables of true scores, which cannot be determined exactly. The development of the revised forms of the BVRT succeeded in establishing norms for adults ranging in age between 15 and 70, based on a sample of 905 subjects with no history of mental illness.
The standardization of a mental ability test requires the control for impact of age and education on test performance. We tested this impact using the first of the two parallel forms with a sample of 596 subjects between the ages of 15 and 86 years with no history of mental illness. To test the specificity of the revised BVRT we compared the scores of six clinical groups (N = 138) with normal subjects (N = 40) ranging from 17 to 39 years. The clinical groups included depression, schizophrenia, personality disorders, alcoholism, organicity and other mental deficiencies. It is assumed that the effects observed in these studies are also valid for parallel form B, which was constructed later, because of the high correlation between both forms.
In a last step of revision, we performed a Rasch analysis for the first of the two parallel forms. Rasch scaling, a method of latent trait analysis (Rasch, 1980) , is one of the best ways to obtain an optimal homogeneity of a test. Unlike classical test theory, the Rasch model calculates the exact probability for the confidence limits of the different raw scores. When the items are arranged according to increasing difficulties, it allows for the exact calculation of the limits in deciding when to stop the test after a specific number of consecutive failures. The Rasch scaling is based on incremental data collection (N = 1124) ranging in age from 15 to 86.
Results
Item analysis and construction of parallel forms of the revised BVRT
The item analysis as described above resulted in form A for the revised BVRT. This is a 20-item version developed after 10 steps of selection according to the discrimination coefficients for correct reproductions. The estimates of reliability for form A based on a sample of 432 subjects resulted in r = .900 (Cronbach's alpha) and in r = .895 (Guttman's split half) for the number correct and in r = .929 (alpha) and r = .917 (split half) for the number of errors. A second check of reliability was conducted using an enlarged sample of 1173 subjects. For the number correct alpha resulted in r = .853. For the number of errors alpha resulted in r = .907.
The construction of form B in the revised BVRT was based on a sample of 174 subjects without history of mental illness. This parallel form consisting of 20 items was constructed following the prescription described in part 1.2. The estimates of reliability for the number correct resulted in r = .833 (alpha) and in r = .853 (Guttman's split half) and for the number of errors in r = .862 (alpha) and in r = .891 (split half). A second check of reliability (alpha) using an enlarged sample of 286 subjects resulted in r = .819 for the number correct, and in r = .861 for the number of errors.
Based on the same sample, the correlation between the two forms of the revised BVRT yielded in r = .73 for the number correct and in r = .79 for the number of errors. Another check of these correlations based on a sample of 62 persons with low education levels resulted in r = .91 for the number correct, and in r = .89 for the number of errors.
In preparing the normative data two demographic effects on BVRT performance were tested using form A. The effect of age was statistically tested in a comparison of the scores for seven age groups between 15 and 86 (N = 596). The H-test by Kruskal-Wallis was used because there was a lack of homogeneity of variance among the groups (H = 468.254 and H = 161.394; d.f. = 6; P < .001). The effects for both test scores were highly significant. The post hoc tests for performance differences among consecutive age groups revealed significant decline (P < .01), beginning with the 5th decade and upwards. For the effect of education we compared scores of 264 subjects for three levels of education. An analysis of variance showed highly significant effects for both scoring systems (F = 15.747 and F = 14.273, d.f.1 = 2, d.f.2 = 261, P < .001). The group contrasts resulted in highly significant differences (P < .001) in both scoring systems for grades 10 and 9, and grades 13 and 9. A smaller effect was found for the difference between grades 13 and 10 (P < .05), for only the sum correct.
To control for clinical specificity the scores of six clinical groups (N = 138), including depression, schizophrenia, personality disorders, alcoholism, organicity and other mental deficiencies, were compared with the scores of 40 normal persons. Using the Kruskal-Wallis H-test because of a lack of homogeneity of variance, the statistical comparison across all groups for both scoring methods of the BVRT resulted in the expected effect (P < .001). The post hoc contrasts were significant for differences between the clinical groups and the normal subjects (P < .05). An exception was found in this significance between normal subjects and alcoholics undergoing long-term therapy. Alcoholics undergoing long-term therapy was the only clinical group, which showed a significant contrast with another patient group (schizophrenics). In interpreting the present results, there is no evidence of improved clinical specificity using an enlarged form of the BVRT.
Rasch-scaling of the BVRT
Kindermann (2001) analyzed form A of the BVRT using the probabilistic test model of Rasch (1980) . He tested the fitness of the model for each of the individual items and he found that no item deviated significantly from the expected value (tables of person and item parameters are made available on request by the author).
The Rasch-scaling of BVRT provides rules for calculating the exact limits for discontinuing the test, when subject fails a specified number of consecutive items. For example, the correct solution of 10 items for a person results in a parameter of .006. The upper confidence limit of this parameter is .929 with P < .05, which corresponds to a sum score of 14. The test may be discontinued, when subject has four consecutive failures. The true score estimate for a subject with 10 correct solutions and four consecutive failures is a maximum of 14 with P < .05. This procedure is valid, only if the items are arranged according to increasing difficulties. Tables 1 and 2 contain the adult norms based on data collected since 1984. Subjects were recruited from southwest Germany using public posters or by personal contact. A total of 905 subjects with no history of mental illness were examined, 494 women and 411 men. Of these 267 subjects were tested using both form A and form B, and 638 were tested using only form A. Thirty-nine percent of all subjects had completed the 9th year in middle school, 34% had completed the 10th year of high school and 27% had completed the 13th year of high school. These percentages also include young persons who were still attending school; they were assigned to their current grade level. These percentages for educational levels resemble approximately the proportions in the adult population in the German Federal Republic.
Normative data for the revised form of the BVRT
The effect of age on BVRT performance yielded four separate age groups 15-39, 40-49, 50-59, and 60-70 years. These findings establish the classification for adult norms in Tables 1 and 2 . Using form A, which is based on 905 subjects, the distribution of raw scores tested for deviation from the normal distribution in the various age groups showed significance (P < .01) in five out of eight cases using Shapiro-Wilks tests. The chi-square was not significant for either the number correct or the number of errors for the 60-70 years group. The 8  47 38  50 50  52 58  14  36  8  42 21  46 34  50 50  35  7  46 34  49 46  50 50  15  35  7  41 18  44 27  48 42  34  5  45 31  47 38  50 50  16  34  5  39 13  43 24  47 38  33  4  45 31  46 34  50 50  17  32  3  38 12  42 21  46 34  31  3  44 27  45 31  49 46  18  31  3  37 10  41 18  45 31  30  2  42 21  44 27  48 42  19  30  2  35  7  40 16  44 27  29  2  41 18  44 27  47 38  20  29  2  35  7  39 13  43 24  29  2  39 13  43 24  46 34  21  28  1  34  5  38 12  42 21  28  1  38 12  43 24  44 27  22  27  1  33  4  37 10  41 18  27  1  37 10  42 21  43 24  23  26  1  32  3  36  8  40 16  27  1  37 10  41 18  42 21  24  26  1  31  3  35  7  38 12  27  1  36  8  40 16  40 16  25  26  1  29  2  34  5  37 10  27  1  35  7  40 16  40 16  26  26  1  29  2  32  3  36  8  27  1  34  5  37 10  39 13  27  26  1  28  1  29  2  35  7  27  1  30  2  34  5  38 12  28  26  1  28  1  28  1  33  4  26  1  29  2  33  4  37 10  29  25  1  26  1  26  1  31  3  25  1  28  1  28  1  33  4  30  24  0  25  1  25  1  29  2  25  1  27  1  28  1  32  3 distribution of the number correct for the 50-59 years group also did not deviate significantly from the normal distribution. The deviating distributions were clearly asymmetrical. This may not be surprising for error scores. The asymmetries for the sum of correct scores indicate that the new version like the original version of the BVRT (see Hahlweg & Kuehnlein, 1981) is not sufficiently difficult to differentiate among persons with high performance levels. In spite of the deviation from the normal distribution, it was decided to transform raw scores into standard equivalent z-scores in order to utilize the advantages of interval scaling. This decision for standard values is based on the assumption that the cognitive competence assessed with the BVRT follows the standard normal distribution like most constructs in personality assessment. This postulate cannot be maintained for the error scores since the frequency of errors usually follows an asymmetrical distribution (see Westhoff & Hagemeister, 1992) . Therefore, the error scores shown in the normative Table 2 can only be used as a corrective factor for the individual scores expressed in the number correct.
Discussion
This revision of the BVRT was initiated in an effort to remedy some of the problems for which the test has received repeated criticism in scientific publications. Specifically, the goals were to improve the BVRT's reliability and sensitivity, to examine whether specificity for disorder could be established, and to obtain normative data using classical test theory. We attempted to address these goals by modifying the commercially available form of the BVRT rather than by constructing new items.
This modification can be considered successful in improving both the reliability and sensitivity of the test. By enhancing its reliability, we actually improve its sensitivity and power because we reduce the probability of error in diagnosing impairment. Expanding the test to its 20 most discriminating items, taken from all three test forms in use, we obtained an increase in the estimates of reliability of .9 and better. This represents a clear increase in reliability compared to the values reported in the scientific literature for the original BVRT. Hahlweg and Kuehnlein (1981) reported an internal consistency (Cronbach's alpha) of .66 for form C, the form most frequently in use. Steck, Beer, Frey, Frühschütz, and Körner (1990) obtained reliability coefficients (Cronbach's alpha and Guttman's split half) of .67 in the minimum and .83 in the maximum for the original three parallel forms. All these studies included clinical samples with broad variance so that insufficient reliability values could not be explained by small variance of the test scores.
The correlations between the two forms in the revised BVRT were significantly different for two samples (.73, .79 and .91, .89) . This difference can be explained by the sample's variance. The second comparison consisting of persons with lower educational levels reflected a larger variance than in the first comparison consisting of persons with higher educational levels. Similarly, in evaluating the differences in the estimates of reliability, one should consider that the BVRT does not differentiate well in the high performance range, even in its revised form. In clinical tests, where a restriction in variance occurs in normal samples, we observe a lower reliability. This one-sided "opening" to low scorers is a function of the aim of the BVRT, which is to distinguish between levels of impairment. Since the items are relatively of low difficulty, they produce a ceiling effect, which fails to differentiate among high scorers. This implies that the classical test theory model, designed for the standard normal distribution, does not fit the conditions of the BVRT. Since this problem cannot be solved by classical test theory, the revision of BVRT presented here is an approximate solution. While the Rasch model can serve as an alternative to classical measures for the purpose of standardization, it requires larger sampling for the higher age groups than it was available by our data collection.
On the other hand, an attempt to establish evidence for the specificity of the BVRT was not successful. We were not able to demonstrate any specificity for disorder. The comparison among our clinical groups produced findings similar to those repeatedly achieved with the original test. The cognitive competence assessed by the BVRT does not seem to differ for specific disorders. Perhaps, the mental ability tested by BVRT, described as a function of working memory, is highly sensitive to impairment independent of its cause. This may be the price for a high sensitivity to impairment and sensitivity to changes in repeated measures with the BVRT.
A third aim in this study was to develop test norms for German speaking persons. This was restricted to classical test theory analysis because of the limits in the size of the sample. Our purpose in using classical test theory was to obtain standard values that would permit the calculation of confidence intervals and critical differences. One could argue against this decision because of the lack of appropriate conditions in the empirical distributions. However, considering the specifications of the sample we find no reasons to reject the postulate of a normal distribution for the factor of "working memory" assessed by the BVRT. Moreover, the z-transformation of the raw scores smoothes the deviation from a normal distribution and minimizes the risk of error in calculating confidence intervals and critical differences. By combining Rasch scaling with classical test theory we benefit from standard scoring without sacrificing the economy of the classical BVRT. Rasch scaling provides for the calculation of the exact limits for discontinuing the test after a specific number of consecutive failures, e.g., after four consecutive failures for P < .05.
In summary, this modification of the BVRT offers three practical advantages without affecting the economic administration of the original test. The three practical advantages of the revised BVRT are as follows: First, it demonstrates an increase in reliability and sensitivity. Second, it establishes standards for calculating confidence limits and critical differences. Third, it provides evidence for a rule for discontinuing the test after four consecutive errors.
